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INTRODUCTION 

An  epidemic  of  the  pine  butterfly,  Neophasia  menapia  (F.  &  F.), 
began  developing  on  the  Boise  National  Forest  in  southern  Idaho  in  1950 
and  by  1953  approximately  3,000  acres  of  mature  ponderosa  pine  were 
heavily  defoliated  by  this  insect  (fig.  l).     It  appeared  in  several 
areas,  mostly  on  high  ridges  lying  between  the  Deadwood  Reservoir  and 
the  Middle  Fork  of  the  Boise  River.     An  egg  survey  in  the  fall  of  1953 
indicated  that  unless  control  measures  were  taken,  about  169,000  acres 
would  be  defoliated,  in  1954.     Survey  methods  had  to  be  developed  in 
order  to  delineate  the  areas  where  control  measures  would  be  needed. 
Neither  control  nor  appraisal  surveys  of  the  pine  butterfly  had 
previously  been  attempted. 


l/    The  author  gratefully  acknowledges  the  help  and  guidance  of 
L.  W.  Orr,  formerly  of  the  Division  of  Forest  Insect  Research  of  this 
Station,  under  whose  direction  these  studies  were  carried  out.  The 
spraying  operations  conducted  by  Forest  Service  personnel  of  Region  4 
afforded  an  excellent  opportunity  to  gather  data  on  the  effectiveness 
of  the  aerial  spraying.    These  studies  were  initiated  when  Forest 
Insect  Research  was  in  the  3ureau  of  Entomology  and  Plant  Quarantine, 
Agricultural  Research  Administration  and  wore  continued  when  the 
Division  was  transferred  to  the  Forest  Service,, 


Figure  1.     Defoliation  by  the  pine  butterfly.  Note 
absence  of  needles  of  all  ages.  Photo  by 

U.  S.  F.  S. 


PREVIOUS  OUTBREAKS 

Possibly  the  earliest  reference  to  extensive  depredation  by  the 
pine  butterfly  is  by  Stretch  in  1882  (5_)  which  describes  an  epidemic 
that  occurred  near  what  is  now  Spokane,  Washington. 

Three  later  infestations,  including  the  1953  epidemic,  are  out- 
standing.    Between  1893  and  1896,  approximately  1,500,000  acres  on  the 
Yakima  Indian  Reservation  in  Washington  were  affected.    This  epidemic 
killed  20  to  90  percent  of  the  pine  stand.    The  total  loss  amounted  to 
nearly  one  billion  board  feet  of  timber  (3) . 

The  outbreak  of  1922-1923  defoliated  approximately  27,000  acres  of 
ponderosa  pine  along  the  Little  Salmon  and  Payette  Rivers  in  Idaho  and 
resulted  in  loss  of  about  25  percent  of  the  pine  in  that  area  (2). 
Several  other  local  outbreaks  in  Idaho,  of  1-  or  2-year  duration,  died 
out  before  causing  serious  damage. 
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SURVEYS 


No  basis  existed  for  planning  an  appraisal  survey  of  the  insect; 
consequently,,  the  methods  developed  and  later  employed,  were  largely 
original. 

Prior  to  the  ground  survey,  an  aerial  reconnaissance  was  conducted 
by  L.  If.  Orr  in  August  1953.    This  survey,  flown  at  a  height  of  300  to 
400  feet,  and  often  less,  above  the  tree  tops,  was  conducted  during  the 
flight  of  the  adult  butterflies.    From  that  height  the  butterflies 
could  readily  be  seen  hovering  about  the  tree  crowns  along  the  high 
ridges.    By  this  method  an  area  of  130,000  acres  were  estimated  to  be 
heavily  infested.    Usually,  aerial  surveys  can  be  relied  upon  to  locate 
concentrations  of  infestations. 

A  ground  survey  was  initiated  in  order  to  confirm  the  delineation 
of  the  areas  mapped  (appended)  from  the  air.     In  addition,  these  surveys 
were  designed  to  disclose  any  lightly  infested  border  areas  that  might 
not  have  been  visible  from  the  air  or  into  which  the  butterflies  might 
have  migrated  after  the  aerial  surveys  had  been  completed. 

Selection  of  Insect  Stage  to  Sample 

From  a  review  of  the  insect °s  life  history  the  egg  stage  was 
determined  to  be  the  most  feasible  for  a  population  count.    The  larval 
period  is  too  brief  for  an  adequate  survey,  while  adult  activity  pro- 
hibits its  use.    Since  the  eggs  are  laid  on  ponderosa  pine  needles  of 
the  current  year,  the  sample  was  limited  to  the  terminal  15  inches  of 
the  lateral  twigs  (l) . 

Site  Sampling 

Pasx  survey  experience  with  other  insects  has  shown  that  very 
often  the  heaviest  infestation  can  be  expected  to  occur  in  a  partic- 
ular site  or  forest  stand  condition.    Consequently  the  mountain  ridge 
site  and  the  creek  bottom  site  were  sampled  to  determine  the  variation, 
if  any,  between  them.    Two  combinations  were  used  to  sample  each  site: 
(1)  5  twigs  f  rom  each  of  20  trees  per  site  within  one  unit  or  minor 
drainage;  (2,;  2  twigs  frcm  each  of  5  trees  per  site  within  four  units. 
Trees  to  be  sampled  were  selected  at  5-chain  intervals  along  the 
ridge,  and  this  sampling  was  repeated  in  the  creek  bottoms.     At  the 
end  of  each  5  chains,  the  tree  nearest  to  this  point  was  chosen  as 
the  sample  tree. 

An  analysis  of  variance  showed  no  variation  in  sampling  between 
the  mountain  ridge  and  the  creek  bottom,  either  with  the  use  of  one 
unit  or  four  units.    However,  a  difference  can  be  expected  between 
units  sampled  (l).    Because  the  ridge  produced  a  more  consistent 
sample  than  did  the  creek  bottom,  the  sampling  was  done  along  the 
ridges . 
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Unit  Sampling 


The  entire  area  affected  by  the  pine  butterfly  was  divided  into 
four  categories:     (l)  heavily  infested  areas;   (2)  moderately  infested 
areas;   (3)  lightly  infested  areas;  and  (4)  endemic  areas.  Estimates 
of  the  degrees  of  infestation  were  made  on  the  basis  of  the  average 
number  of  eggs  per  twig.     An  average  of  9  or  more  eggs  per  twig  indi- 
cated a  heavily  infested  area;  5  to  8  eggs  a  moderately  infested  area; 
2  to  4  eggs  a  lightly  infested  area;  and  an  average  of  less  than  2 
eggs  per  twig  indicated  an  endemic  area  (l) . 

Various  combinations  of  twigs  per  tree  and  trees  per  unit  were 
employed  in  each  of  the  four  type  areas.     Determination  of  sampling 
intensity  (4_)  was  made  on  the  68  percent  confidence  level  with  a  25 
percent  standard  error  of  the  mean.    This  standard  was  found  to  be  the 
most  practicable  in  view  of  the  large  number  of  samples  needed  to 
attain  higher  accuracy.     Calculation  of  the  sampling  intensity  showed 
the  following  combinations  to  be  the  most  practical  to  use: 

1.  Heavily  infested  areas:     2  twigs  from  each  of  10  trees 
per  unit  or  10  twigs  from  each  3  trees  per  unit. 

2.  Moderately  infested  areas:     5  twigs  from  each  of  20 
trees  per  unit. 

3.  Lightly  infested  areas:     5  twigs  from  each  of  20  trees 
per  unit. 

4.  Endemic  areas:     5  twigs  from  each  of  25  trees  per 
unit  (1) . 

Pruner  heads  (li  inches)  attached  to  an  8-foot  length  of  1-3/8- 
inch  fir  pole  sections  were  used  for  clipping  twigs.     Two  poles  could 
be  connected  by  use  of  ferrule  joints.    Twigs  could  be  gathered  from  a 
height  of  approximately  22  feet  (fig.  2). 

The  twigs  were  bundled  with  stringed  tags,  labeled    as  to  tree  and 
unit,  placed  in  burlap  bags  by  units,  and  sent  to  a  central  station 
where  the  number  of  eggs  per  twig  was  counted. 

Area  Delineation 

The  total  acreage  of  infestation  was  first  divided  into  two  con- 
trol units  related  to  airstrip  availability:     Unit  1  near  Idaho  City, 
with  26  spray  blocks;  and  Unit  2,  near  Warm  Springs,  with  15  spray 
blocks . 
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Figure  2.    Clipping  twigs  with  pruners 
for  survey.         Photo  by  U.  S.  F.  S. 


Population  Counts 

Twelve  sample  lines  were  established  in  Unit  1  and  18  sample  lines 
in  Unit  2.    These  sampling  lines  consisted  of  a  sample  tree  located  every 
5  chains  along  a  compass  line  running  perpendicular  to  the  contours  or 
spray  flight  line.    The  length  of  the  sample  lines  ranged  from  50  to  110 
chains,  or  10  to  22  trees,  depending  upon  the  width  of  the  spray  block. 

Precontrol  counts  of  the  larval  population  were  taken  from  2  twigs 
per  tree.    Counts  were  repeated  several  times  before  spraying  in  order 
to  establish  an  average  and  to  note  any  natural  reduction  in  the  larval 
population.    Postcontrol  counts  were  conducted  along  the  same  oompass 
line,  which  had  been  marked  with  string,  in  the  same  manner  except  that 
the  sample  was  doubled  (2  twigs  from  each  of  2  trees).    The  following 
formula  was  used  to  calculate  the  percent  of  mortality: 
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Av.  prespray  count  X  2  -  postspray  count 
Percent  mortality  =  (Av.  prespray  count  X  2) 


Postcontrol  counts  were  originally  planned  to  be  done  at  intervals 
of  1,  3,  and  10  days  after  spraying.    The  high  percentage  and  the  com- 
pleteness of  kill  showed  that  the  intervals  could  be  reduced  to  1,  3, 
and  5  days . 

Mortality  Counts 

Mortality  tray  lines  were  established  coincidently  with  12  of  the 
population  lines,   6  in  Unit  1  and  6  in  Unit  2,   in  order  to  determine 
the  rate  of  kill  of  the  butterfly  larvae  and  to  collect  parasites  or 
other  insects  killed  by  the  spray. 

Unbleached  muslin  cloth  trays  (3  feet  by  3  feet)  were  placed  on 
four  16-inch  engineer  stakes  just  inside  the  periphery  of  the  crown 
under  trees  adjacent  to  the  sampled  trees.     Stapling  the  corners  of  the 
trays  to  the  stakes  was  found  to  be  less  time-consuming  and  equally  as 
strong  as  tying  with  string.     A  rock  was  placed  in  the  center  of  each 
tray  to  prevent  the  wind  from  flipping  the  cloth  and  thus  losing  the 
tray  contents.    Two  spray  deposit  cards  were  placed  in  open  spots  near- 
by in  order  to  correlate  spray  coverage  with  mortality.    Counts  of  dead 
larvae  were  made  at  intervals  of  1,  3,  and  5  days  after  spraying. 

An  attempt  was  made  to  measure  the  frass  droppings  before  and 
after  control,  but  since  the  amount  produced  by  first  and  second  instar 
larvae  was  insignificant  this  plan  was  dropped. 

By  using  the  method  of  calculation  previously  described,  the  re- 
duction in  population  in  the  Idaho  City  Unit  (No,  l)  was  computed  as 
99.4  percent  and  in  the  Warm  Springs  Unit  (No.  2)  it  was  99.7  percent. 
The  rate  of  kill  indicated  that  most,   if  not  all,  of  the  mortality 
occurred  immediately  after  spraying.    Very  few,   if  any,  larvae  were 
found  dropping  after  the  second  day,  and  none  on  the  fifth  day  after 
spraying. 

1954  FALL  SURVEY 

A  survey  was  conducted  in  September  1954  within  areas  spotted  by 
a  prior  aerial  reconnaissance  for  butterflies.    These  areas  were  out- 
side the  area  sprayed  in  1954  and  for  sampling  purposes  were  considered 
as  lightly  infested.    The  5  twigs  from  each  of  20  trees  per  unit  com- 
bination was  used.     Since  an  average  of  less  than  one  egg  per  twig  was 
found  it  was  believed  that  no  further  surveys  or  control  was  needed, 
except  as  subsequent  reports  of  local  butterfly  infestation  would  be 
received . 
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CONTROL 


On  July  18,  1953,  a  pilot  test  was  set  up  to  determine  whether  the 
commonly  used  12£  percent  DDT-fuel  oil  formulation  applied  at  the  rate 
of  1  gallon  per  acre  by  airplane  could  be  used  as  the  insecticide. 
About  400  acres  heavily  infested  with  the  pine  butterfly  were  sprayed 
when  the  larvae  were  in  the  third  and  fourth  instars.     Results  were  so 
favorable  that  the  decision  was  made  to  use  this  formulation  in  the 
1954  spraying  operation. 

Laboratory  tests  were  made  in  April  1954  to  determine  if  spraying 
could  be  accomplished  effectively  during  the  first  and  second  larval 
instar  stages.    The  percentage  kill  averaged  96.7  within  the  first  24 
hours  and  increased  to  100  percent  within  3  days.    Therefore  the  de- 
cision was  made  to  commence  spraying  in  the  early  larval  stages  of  the 
pine  butterfly. 

It  was  frequently  observed  that  those  larvae  which  survived  the 
effects  of  spray  were  smothered  by  resin  flowing  from  the  injured 
needles.     If  spraying  had  been  delayed  until  the  larvae  were  in  the 
third  or  older  instars,  there  would  have  been  much  less  of  this  supple- 
mentary kill. 

INCIDENTAL  BUDWORM  CONTROL 

In  most  areas  budworm  infestations  overlapped  areas  sprayed  for 
pine  butterfly  control.     Consequently  some  sampling  for  budworm  re- 
duction was  accomplished.    The  results  appeared  surprisingly  good, 
especially  in  view  of  the  fact  that  most  of  the  budworm  larvae  were 
less  than  half  grown  when  the  spraying  was  done,  but  only  further 
observations  will  show  whether  this  reduction  is  permanent.  Mortality 
ranged  from  77.2  percent  to  100  percent  with  an  over -all  average  of 
91.4  percent  kill.    Final  counts  were  made  8  to  10  days  after  spraying. 

SUMMARY 

Annual  observations  of  the  pine  butterfly  had  been  conducted  on 
the  Boise  National  Forest  since  1950.    The  butterfly  was  noted  to  be 
on  the  increase  but  it  was  not  until  early  in  the  summer  of  1953  that 
severe  defoliation  became  evident.     In  1953  studies  were  initiated  to 
determine  survey  and  control  methods  and  from  which  the  following  in- 
formation was  obtained: 

1.  In  epidemics,  eggs  are  uniformly  deposited  throughout  the 
tree  crown. 

2.  Aerial  surveys  are  quite  satisfactory  for  locating  infesta- 
tions by  spotting  the  adult  butterflies. 
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Ridge  sampling  for  eggs  shows  less  variance  than  creek  bottom 
sampling. 

Ten  or  more  eggs  per  15-inch  twig  constitutes  an  epidemic 
condition;  5  to  9  eggs  a  heavy  infestation;  2  to  4  eggs  a 
light  infestation;  and  less  than  2  eggs  per  twig  an  endemic 
condition. 

Five  eggs  per  tv/ig  warrants  control. 

Aerial  spraying  with  a  DDT  fuel  oil  solution  during  the 
first  and  second  larval  instars  results  in  a  high  reduction 
in  population. 

Majority  of  kill  occurs  during  the  first  day  after  spray 
application. 


LITERATURE  CITED 


(1)  Cole,  Walter  E. 

1955.     A  method  for  sampling  populations  of  the  pine  butterfly, 
Neophasia  me nap i a  (F.  &  F.).     (Thesis)    Colo.  A  &  U 
Col.,  Ft.  Collins,  Colo.     (in  partial  fulfillment  for 
the  requirements  of  a  Master  of  Science  degree.) 

(2)  Evenden,  J.  C. 

1926.    The  pine  butterfly,  Neophasia  menapia,  Felder.  Jour. 
Agr.  Res.  33:  339-344. 

(3)  Hopkins,  A.  D. 

1907.    Notable  depredations  by  forest  inseots.    U.  S.  Dept. 
Agr.  Yearbook,  pp.  149-164. 

(4)  Schumacher,  F.  X.,  and  Chapman,  R.  A. 

1948.     Sampling  methods  in  forestry  and  range  management. 

Duke  Univ.  Forestry  Bui.  No.  7,  Ed.  2,  pp.  195-196. 

(5)  Stretch,  R.  H. 

1882.     Notes  on  Pieris  menapia  Feld.     Papilio  2  (7):  103-110. 


-9- 


